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Abstract
The long-range pseudo-rapidity correlations observed in pp and p+Pb collisions at the LHC have raised extensive interest. The
tantalizing observation of similar effect by PHENIX calls for careful examination of the RHIC d+Au data. In this talk, we present
dihadron correlations in multiplicity-selected d+Au collisions by STAR, in both ∆φ and ∆η and from both TPC and FTPC.
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1. Introduction
A long-range pseudo-rapidity correlation is unexpectedly observed in pp [1] and p+Pb [2, 3] collisions at the LHC
after a uniform background subtraction. It is called the “ridge,” in analogy to the similar phenomenon in heavy-ion
collisions after subtraction of an elliptic flow background [4]. The heavy-ion ridge has been attributed primarily
to triangular anisotropy, resulting from initial geometry fluctuations and subsequent hydrodynamic evolution [5].
The question arises whether the pp and p+Pb ridges are of the similar origin. Indeed, hydrodynamic calculations
with event-by-event geometry fluctuations can describe the observed ridge in pp and p+Pb collisions [6]. However,
other physics mechanisms are also possible, such as the color glass condensate where two-gluon density is relatively
enhanced at small ∆φ over wide ∆η [7].
Furthermore, a back-to-back double ridge is observed by subtracting dihadron correlations in peripheral p+Pb
from that in central collisions [3]. If jet correlations–which dominate the away-side correlations–are equal between
peripheral and central collisions, then the observed double ridge would be an indication of non-jet physics. Jet
correlations are due to hard scattering and not expected to differ over p+Pb collision centrality except for nuclear kT
effects. However, centrality is often defined by measured multiplicity, which can bias events with varying magnitudes
of jet correlations.
PHENIX analyzed their d+Au data using the same “central − peripheral” technique in their acceptance of |∆η| <
0.7 [8]. A double ridge was observed in the “central − peripheral” dihadron correlation difference. In fact, two-
particle correlations in pp and d+Au collisions are not identical and a subtle difference has been observed previously
at RHIC [9]. While it is an open question how much jet contribution remains in the PHENIX result in their limited
acceptance, the complementarity between LHC and RHIC can be potentially powerful to distinguish the proposed
ridge production mechanisms.
STAR, with its large acceptance, is suitable to investigate centrality biases to dihadron correlations. In this talk,
we present STAR results of dihadron correlations in d+Au collisions as a function of multiplicity, with the large
acceptance of |∆η| < 2 of the STAR Time Projection Chamber (TPC). We also present dihadron correlations using
STAR’s mid-rapidity TPC and forward TPC (FTPC), with a |∆η| coverage of 1.8-4.8. We examine the ∆η dependence
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of the correlations as well as the difference in the correlations between central and peripheral collisions. We discuss
our results in the context of the LHC and PHENIX data.
2. Data Sample and Data Analysis
The data presented here were taken during the d+Au run in 2003 [10]. The coincidence of the signals from the
Zero Degree Calorimeters (ZDC) and the Beam-Beam Counters (BBC) selects minimum-bias (MB) d+Au collisions.
Events used in this analysis are required to have a primary vertex position |zvtx| < 30 cm from the TPC center. A total
of approximately 10 million events were used. TPC(FTPC) tracks are required to have at least 25(5) out of maximum
possible 45(10) hits and a distance of closest approach to the primary vertex within 3 cm.
Three quantities were used to define d+Au centrality: charged particle multiplicity within |η| < 1 measured by
the TPC, charged particle multiplicity within −3.8 < η < −1.8 measured by the FTPC in the Au-beam direction
(FTPC-Au) [10], and neutral energy measured in the ZDC of the Au-beam direction (ZDC-Au). Positive correlations
are observed between these centrality measures but the correlations are quite broad. The same percentile centralities
defined by different centrality measures correspond to significantly different event samples of d+Au collisions.
We also cut on the ZDC-d signal to select the single neutron peak to enhance p+Au collisions. The p+Au results
are similar to the d+Au results.
Two sets of dihadron correlations are analyzed: TPC-TPC correlations where the trigger and associated particles
are both from the TPC within |η| < 1, and TPC-FTPC correlations where the trigger particle is from the TPC and the
associated particle is from either the FTPC-Au within −3.8 < η < −2.8 or the FPTC-d within 2.8 < η < 3.8. The
pT ranges of trigger and associated particles reported here are both 1 < pT < 3 GeV/c. The results are corrected
for the tracking efficiency of 85% ± 4% (syst.) and 70% ± 4% (syst.) for associated particles in the TPC and FTPC,
respectively. The correlations are normalized per trigger particle.
The two-particle acceptance correction is obtained from the mixed-events technique. The mixed events are re-
quired to be within 5 cm in zvtx, with the same multiplicity (for the TPC and FTPC-Au centrality measures) or within
ZDC-Au ADC-Sum 10-size bins (for the ZDC-Au centrality measure). The mixed-events acceptance is normalized
to 100% at ∆η = 0 for TPC-TPC correlations and at ∆η = ±3 for TPC-FTPC correlations.
Two approaches are taken to analyze the correlation functions. One is to analyze the correlated yields after
subtracting a uniform combinatorial background. The background is normalized by the Zero-Yield-At-Minimum
(ZYAM) assumption [11]. The other is to decompose the correlation functions into a Fourier series and study the
Fourier coefficients. No background subtraction is required for this method.
Systematic uncertainties are assessed by varying the ZYAM normalization ∆φ range from the default of 0.4 to 0.2
and 0.6 radian. The correlated yield has an additional 5% systematic uncertainty due to the uncertainty in the tracking
efficiency. For the Fourier coefficients, the systematic uncertainties are expected to be small compared to statistical
uncertainties, but a thorough study of systematic uncertainties has not been done yet.
3. Results and Discussions
Figure 1 shows the TPC-TPC ∆φ correlations in three ranges of ∆η. Both peripheral and central collisions (de-
termined by FTPC-Au) are shown. It is observed that the correlated yields are larger in central than peripheral d+Au
collisions.
In order to investigate the source of the difference between central and peripheral collisions, ∆η correlations for
near side (|∆φ| < 0.8) and away side (|∆φ − pi| < 1) are shown in Fig. 2(a,b). The near-side correlations exhibit
a Gaussian peak and the away-side correlations are approximately uniform. Gaussian+constant fits to the near-side
correlations indicate a difference of 20% in the Gaussian area between central and peripheral collisions. The difference
between central and peripheral collisions, shown in Fig. 2(c), exhibits a near-side Gaussian peak and an approximate
uniform away-side. These resemble the jet-correlation features, suggesting that the “central − peripheral” difference
is in these data mainly due to a difference in jet-like correlations. This difference is likely caused by biases in the
centrality determination – although FTPC-Au (used for centrality) is 3 units away from the correlation measurement,
away-side jet-correlations can still contribute to the overall multiplicity in FTPC-Au. There can also be a physical
centrality dependence, i.e. cold nuclear matter effects.
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Figure 1. Dihadron ∆φ correlations in three ranges of |∆η| in peripheral (black) and central (red) d+Au collisions. Trigger and associated particles
are both from TPC (|η| < 1) and 1 < pT < 3 GeV/c. Centrality is determined by FTPC-Au (−3.8 < η < −2.8) multiplicity. The arrows indicate
ZYAM normalization locations. Error bars are statistical and boxes indicate systematic uncertainties.
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Figure 2. Dihadron ∆η correlations for near side (red) and away side (blue) in peripheral (a) and central (b) d+Au collisions, and their “central
− peripheral” differences (c). Trigger and associated particles are both from TPC (|η| < 1) and 1 < pT < 3 GeV/c. Centrality is determined by
FTPC-Au (−3.8 < η < −2.8) multiplicity. Error bars are statistical and boxes indicate systematic uncertainties.
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Figure 3. Dihadron ∆φ correlations at large ∆η in peripheral (black) and central (red) d+Au collisions from data (a,b) and HIJING (c,d). Centrality
is determined by ZDC-Au for data and impact parameter for HIJING. Trigger particles are from TPC (|η| < 1); associated particles are from
FTPC-Au (a,c) and FTPC-d (b,d). The arrows indicate ZYAM normalization locations. Error bars are statistical and boxes indicate systematic
uncertainties.
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Figure 4. Fourier coefficients of ∆φ correlation functions vs. event multiplicity in d+Au collisions for four ranges of ∆η. Results from all three
centrality definitions are shown. Trigger and associated particle pT are both 1 < pT < 3 GeV/c. Error bars are statistical.
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TPC-FTPC dihadron correlations are shown in Fig. 3(a,b) for associated particles from FTPC-Au and FTPC-d,
respectively. On the Au-side, the away-side correlation is stronger in central than in peripheral collisions; on the d-
side, it is the opposite. The same features are also observed in d+Au collisions simulated by the HIJING model, shown
in Fig. 3 (c,d). Surprisingly, there seem to exist finite correlated yields on the near side in the FTPC-Au acceptance
far away from the trigger particle, in both data and HIJING. The underlying physics is unclear.
Figure 4 shows the Fourier coefficients, Vn = 〈cos n∆φ〉 (n = 1, 2). (V3 is consistent with zero.) Four ranges of
∆η are shown, from left to right, for (a) TPC-FTPC-Au, (b) TPC-TPC with negative ∆η, (c) TPC-TPC with positive
∆η, and (d) TPC-FTPC-d correlations. Results with all three centrality determinations are shown, plotted at the cor-
responding measured mid-rapidity charged particle dN/dη. The V1 is observed to approximately vary as (dN/dη)−1,
while the V2 is approximately independent of dN/dη. V2 is finite at all measured ∆η; it is larger at mid-rapidity than
forward/backward rapidities; V2 from TPC-FTPC-d correlation may be even larger than that from TPC-FTPC-Au
correlation.
In fact, the Fourier coefficients of the “central − peripheral” difference distribution are no different from those
of the peripheral and central collisions. This fact is governed by simple mathematics because the Vn coefficients
are taken relative to the mean of the distribution. However, the underlying physics mechanisms for the large Fourier
coefficients of the “central − peripheral” diffference are not entirely clear. Whether there are additional sources, except
the aforementioned difference in jet-like correlations due to centrality biases, remains an open question. One of the
future studies is to better quantify the centrality biases to jet-like correlations, and then investigate any additional
physics mechanisms for the “central − peripheral” difference.
4. Summary
Dihadron ∆φ and ∆η correlations are reported for peripheral and central d+Au collisions at √sNN = 200 GeV
from STAR. The ZYAM background subtracted correlation yields at mid-rapidity are larger in central than peripheral
collisions. The “central − peripheral” differences resemble jet-like correlations, Gaussian peaked on the near side and
approximately uniform on the away side. The difference is likely to be caused by a difference in jet-like correlations
due to centrality biases. At forward rapidity, dihadron correlations on the away side are suppressed/enhanced in the
d/Au-side direction of the more central d+Au collisions. Similar effects are present in the HIJING model.
Fourier coefficients of the raw dihadron correlations are also reported. The first harmonic coefficient is found to
be approximately inversely proportional to event multiplicity. The second harmonic coefficient is found to decrease
with ∆η, but finite at forward/backward rapidity of |∆η| ≈ 3; it is approximately independent of the event multiplicity.
The large acceptance of STAR allows detailed investigation of dihadron correlations and their centrality biases.
The d+Au data seem to be mainly consistent with jet phenomenology. The next step is to quantify “central − periph-
eral” differences caused by centrality biases, and potentially isolate possible contributions unrelated to jets.
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